Introduction
Endometriosis is a prevalent chronic inflammatory gynaecological condition that is characterised by the presence of endometrial glands and stroma outside of the uterus. 1 An estimated 5-10% of the general female population is affected by endometriosis, with an even higher prevalence among women with infertility or significant symptoms of endometriosis. 2 Endometriosis manifests in the form of superficial endometriosis, ovarian endometriomas and deep infiltrating endometriosis (DIE). DIE is defined by lesions that penetrate under the peritoneum by more than 5 mm and affects approximately 20% of patients with endometriosis. 3, 4 Transvaginal ultrasound (TVS) has limited value in detecting superficial endometriosis as it can only be diagnosed by laparoscopy. Endometriosis can therefore not be excluded by a normal pelvic ultrasound. TVS is the non-invasive standard of care and is shown to be an accurate and reliable diagnostic tool in detecting ovarian endometrioma and DIE. 5, 6 DIE nodules can be present in multiple pelvic sites including the vagina, rectum, rectosigmoid, rectovaginal septum (RVS), uterosacral ligaments (USL), fallopian tube, Pouch of Douglas (POD), bladder and ureters. An accurate ultrasound diagnosis of endometriosis, which describes and documents the location and extent of the disease, is essential in patients' surgical planning as surgical interventions for DIE are often complex and require a multidisciplinary approach. The pre-operative diagnosis with ultrasound allows for better preoperative preparation and outcomes for patients.
Clinical history
Obtaining a thorough patient history before starting a pelvic ultrasound is important as this will guide the diagnosis of endometriosis. 7, 8 For instance, classic 
Bowel preparation
Bowel preparation has been shown to be helpful in reducing bowel gas in the rectosigmoid colon and improve visualisation of the bowel wall and is sometimes used in a tertiary level gynaecological ultrasound environment. However, bowel preparation is not essential in the diagnosis of DIE on TVS. 6 
Ultrasound evaluation
The International Deep Endometriosis Analysis (IDEA) group published a consensus paper in 2016 outlining a recommended multi-step sonographic approach when examining women with suspected endometriosis. 11 Building on the IDEA guidelines, this paper aims to provide practical guidance on making this comprehensive multi-step assessment.
Routine evaluation of the uterus and adnexa
The uterus, ovaries and adnexa are examined routinely with particular attention paid to the ultrasound features indicative of endometriosis.
The position of the uterus should be carefully assessed to ascertain whether it is anteverted and retroflexed ( Figure 1A,B) . This type of uterine orientation has been shown to have an association with the presence of obliteration of the POD, 9 which is linked to endometriosis. Detailed visualisation of the uterine serosa is important for locating hypoechoic endometriotic lesions infiltrating the uterine serosa. These lesions may have illdefined border or nodular appearance, and in the latter case, the sonographic appearance can mimic that of a subserosal fibroid. Unlike subserosal fibroids, endometriotic lesions, involving the uterine serosa, tether the uterus to adjacent structures such as a USL nodule causing uterine immobility at the affected site. Further, adenomyosis has been shown to have a significant association with endometriosis; 12 sonographic signs of adenomyosis should be documented. The classic features of adenomyosis include anterior and posterior myometrial asymmetry, myometrial cysts, 'venetian blind' artefacts ( Figure 2A,B) , heterogeneous myometrium, loss or interruption of the endometrial and myometrial junctional zone. 13 The ovaries are assessed for the presence of endometriomas. A unilocular cystic lesion with low-level ground glass appearance and no colour Doppler signal is the classic appearance of an endometrioma ( Figure 3A,B) ; however, some may show atypical appearances.
14 Key differentials of endometriomas include dermoids, haemorrhagic cysts and mucinous cystadenomas. Given that endometriomas are associated with DIE in greater than 50% of cases, 15, 16 locating DIE nodules improves diagnostic confidence of the cyst in question being an endometrioma. The 'kissing ovaries' sign manifesting as two ovaries stuck together by pelvic adhesion is a characteristic feature of endometriosis and has been shown to have a discernable increase in association with bowel nodules (sevenfold) and fallopian tube adhesions (threefold) compared with women without the presence of 'kissing ovaries'. 17 Sometimes, loculated fluid areas (pseudoperitoneal cysts) or hydrosalpinges can be seen in the adnexa adjacent to ovary.
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The mobility of the ovary can be assessed to ensure that there is no significant adhesion of it to surrounding structures. Ovarian immobility has been shown to be a marker for DIE. 18 Clinical correlation is warranted to exclude other pelvic pathologies when there is a finding of an immobile ovary without other signs of DIE. Ovarian mobility can be assessed by looking for sliding of the ovary laterally against the pelvic wall adjacent to the internal iliac vessels and medially against the uterus. A bimanual manoeuvre is utilised whereby gentle pressure is applied to the ovary with the transvaginal transducer and the operator's free hand mobilising the ovary by gently pushing on the lower abdomen. 18 If immobility is noted at either of the assessed regions, the ovary is considered fixed. Note should be made of the structure(s) (e.g. bowel and USL nodule) to which the ovary is fixed. Generally, when scanning the pelvic structures, a tenderness-guided sonographic assessment is helpful at identifying pathological sites. 19 This assessment requires the participation of the patient in telling the operator where the pain is when gentle pressure is applied with the transvaginal transducer on pelvic structures. The site of the focal tenderness should prompt the operator to investigate for presence of endometriotic nodules. 18, 19 Pouch of Douglas status: Looking for the 'sliding sign' The next step is to evaluate the mobility of the uterus looking for obliteration of the POD. The 'sliding sign' has been shown in several studies to be an accurate and sensitive dynamic test for the status of the POD. 9, 20, 21 Obliteration of the POD has been demonstrated to be a hard marker for high-grade endometriosis. 9 Khong and colleagues noted in their study that women with POD obliteration were three times more likely to have bowel endometriosis compared with those women without POD obliteration. 22 The method for assessing the POD status involves demonstrating sliding between the anterior bowel wall and the entire posterior wall of the vagina, cervix and uterus.
By applying pressure on the fundus of the uterus, with the operator's free hand, whilst gently probing the cervix with the transvaginal transducer, balloting the uterus between the operator's hand and the transducer, it is usually possible to demonstrate sliding between the posterior uterus, cervix and vaginal wall and the anterior rectal wall and rectosigmoid. The sliding test is considered positive, and the POD is not obliterated if free sliding occurs (Video S1A, Supporting information). The POD is considered to be obliterated in case of a negative sliding test (Video S1B, Supporting information). 9 When the uterus is retroverted, the sliding is sometimes more difficult to demonstrate at the level of the vagina and cervix. It helps to position the transducer in the posterior fornix and first push against the vagina then suddenly pull the transducer back. This will often allow some fluid to enter the space between the cervix, vaginal wall and the bowel making it possible to demonstrate those structures do not adhere to each other (Video S1C,D, Supporting information). Pouch of Douglas obliteration can be described as partial or complete. 11 Careful assessment of the sliding sign from left to right is important as sometimes POD obliteration may involve just one side of the uterus and spare the other side. If that is the case, the POD can be described as partially obliterated. Importantly, whether or not the POD is obliterated, the operator should extend the examination to the posterior pelvic compartment to look for DIE nodules. 9 Reid and colleagues 9 showed that 13% of women without POD obliteration had DIE in the posterior pelvic compartment. 9 As such, the finding of a positive sliding sign does not exclude DIE in the posterior compartment.
Anterior pelvic compartment

Assessment for deep infiltrating endometriotic nodules in the posterior pelvic compartment
The posterior pelvic compartment is the area between the posterior uterine serosa and the pre-sacral space. The regions commonly affected by DIE are the vaginal wall, the RVS, the USL, the anterior rectum and anterior rectosigmoid. 23, 24 This compartment is most commonly involved in endometriosis, and careful assessment of this compartment is the most important part of the endometriosis assessment. Clear documentation of the endometriotic nodules in relation to the number, size (in three-dimensional measurements) and their anatomical location in this compartment is crucial. The vaginal wall is typically thin and hypoechoic, often readily visualised when the TV transducer is inserted into the posterior vaginal fornix (Video S2B, Supporting information). The vault is assessed from left to right for thickness and regularity of the vaginal wall. Endometriosis of the vaginal wall can be identified as hypoechoic thickening or nodularity in the vaginal wall (Figure 4A ,B; Video S2A, Supporting information). The nodule may involve just the vaginal wall, but it may extend into the rectovaginal space or also involve the anterior rectal wall (Figure 5A ,B; Video S3, Supporting information).
The RVS is the space between the posterior vaginal wall and the anterior rectal wall just below the lower border of the posterior cervical lip.
11 RVS is the thin hyperechoic line between the hypoechoic muscularis layer of the anterior rectal wall and the hypoechoic vaginal wall. DIE involving just the RVS is uncommon as often the endometriotic nodule is extended from the vaginal wall or the rectal wall or both (Figure 5A ,B; Video S3, Supporting information). 25 If a DIE nodule is seen in the RVS, threedimensional measurements need to be taken; in particular, the distance of the nodules from the anal verge is to be measured. This distance is particularly important to note as low-lying DIE lesions (<5-8 cm from the anal verge) are associated with significant post-operative complications 26 including rectovaginal fistulas. 27 Uterosacral ligaments (left and right) insert into the uterus at the level of the internal os of the cervix, just above the posterior vaginal fornix. When the USL is normal, it is typically not visualised on ultrasound. To locate USL nodules, place the transducer in the posterior fornix, line up the transducer to the mid longitudinal view of the uterus and sweep the transducer from right lateral pelvis all the way to the left (Video S4B, Supporting information). USL nodules manifest as hypoechoic nodular thickening surrounded by prominent hyperechoic peritoneal fat, which is stuck to the vaginal wall (Figure 6A ,B; Video S4A, Supporting information). The nodules can be isolated or extend into surrounding structures such as becoming adherent to ovary, bowel or vagina. TVS has been shown to have reasonable accuracy (81% sensitivity and 75% specificity) in detecting USL nodules. 28 Bowel DIE nodules typically affect the anterior rectum, rectosigmoid and the sigmoid. These nodules can be isolated or multi-focal. 29 Endometriosis of the bowel is characterised by initial invasion of the hypoechoic muscularis layer of the bowel wall and with deeper invasion; it can infiltrate the hyperechoic submucosal and hypoechoic mucosal layers. TVS has been shown to have very high sensitivity and specificity (94% and 98%, respectively) in detecting DIE bowel nodules. 6 TVS allows the visualisation of bowel wall up to 30 cm above the level of anus. 30 To look for DIE bowel nodules, pull the transducer to the entrance of the vagina and slowly reinsert into the vagina, angling the transducer downwards. The bowel is tubular in appearance when the transducer is aligned in its longitudinal plane. To follow the bowel wall, introduce the transducer deeper towards the vaginal vault whilst following the hypoechoic muscularis layer of the bowel wall and focusing on rotating the transducer so that the tubular structure is continuously in the field of view. Normal bowel should have a consistently thin and regular muscularis layer of less than 3 mm. Bowel DIE nodules are typically seen as a hypoechoic thickening of the muscularis layer or focal hypoechoic mass with or without regular margins (Figure 7A ,B; Video S5, Supporting information).
The distance of the bowel nodule(s) from the anus should be measured and documented. To measure the distance, pull the transducer out to the entrance of the vagina and tilt the transducer downwards until a curvature of rectal wall is seen. This is the most distal aspect of the rectum that can be seen with a transvaginal transducer. The distance from this curvature to the anus is approximately 4 cm in all women. Measurements can be taken in sections from this point onwards. As the bowel tends to curve and turn, only short segments of the longitudinal bowel wall can be visualised per field of view. Short sections of measurements can be taken with each visualised segment of bowel wall. The total distance is added at the end to generate the overall estimated distance (Figure 8 ; Video S6, Supporting information). This distance is important to report as bowel lesions located <5-8 cm from anal verge are associated with significant post-operative complications. 26 Assessment for deep infiltrating endometriotic nodules in the anterior pelvic compartment Deep infiltrating endometriosis affects the posterior pelvic compartment much more frequently than the anterior pelvic compartment, but if DIE lesions are found in the bladder, a urologist is required to be present for surgical removal of DIE. As such, careful assessment of the anterior pelvic compartment is warranted for proper surgical planning. The anterior compartment is the area between the anterior uterine serosa and the anterior pelvic wall. The regions that are typically affected by DIE are the anterior uterine serosa, the bladder base, uterovesical region and the ureters. 24 The bladder is the most frequently affected structure in the anterior compartment. 23 Hypoechoic linear or rounded DIE nodules with or without irregular margins commonly infiltrate the muscularis layer of the bladder base and dome (Figure 9A ,B; Video S7, Supporting information). 31 To sonographically assess this area, place the transducer in the anterior fornix of the vagina, pull the transducer out of the anterior fornix slightly, tilt the transducer towards the pubis and sweep the transducer from right to left of the bladder ensuring that the entirety of the bladder is examined. It is ideal to have some urine in the bladder to use as an acoustic window when assessing the bladder for DIE. The mobility of the vesico-uterine pouch (VUP) can be examined using the sliding test. The transducer is positioned in the anterior fornix, and gentle pressure is applied on the uterus. The operator's free hand is placed on the patient's suprapubic region to slide the bladder wall against the anterior uterine serosa. If the sliding sign is positive, the VUP is considered not obliterated (Video S8A, Supporting information), alternatively if the sliding sign is negative, the VUP is considered obliterated (Video S8B, Supporting information). 32 It is important to note that VUP can become obliterated by adhesions not from endometriosis but secondary to previous caesarean sections. 32 In contrast to bladder DIE, which is usually symptomatic, endometriosis involving the ureter can be asymptomatic. The failure of early diagnosis of ureteric endometriosis can lead to hydroureter, hydronephrosis and subsequent loss of renal function. Endometriosis of the ureter can be identified on ultrasound by positioning the transducer in the anterior fornix, aligning the transducer diagonally to the longitudinal plane of the bladder and rotating slightly to locate the ureter. 33 The ureter should be followed from the bladder base distally to the lateral pelvic wall proximally. In cases of ureteric strictures caused by compression or infiltration of endometriotic nodules, the ureter will appear dilated adjacent to the stricture. Kidney views should be obtained in all cases of women suspected with endometriosis to exclude hydronephrosis ( Figure 10A ,B). It is often the easiest way to identify ureteric compression by endometriosis.
Conclusion
Every ultrasound clinician is encouraged to incorporate this practical and systematic endometriosis assessment into their routine pelvic scans. DIE assessment should not be limited for specialists to perform, and bowel preparation is not essential for making a DIE diagnosis. A comprehensive sonographic evaluation of endometriosis will require imaging beyond the traditional pelvic ultrasound boundaries. This means extending the assessment into the posterior and anterior pelvic compartment to evaluate structural mobility and look for DIE nodules noting the size, location and distance from the anus if applicable.
An improvement in sonographic detection of DIE will not only significantly reduce the number of diagnostic laparoscopies 18 but will also guide patient management and enhance patients' quality of life.
Supporting information
Additional supporting information may be found online in the supporting information tab for this article. 
